Background: The benefit of providing early nutrition intervention and its continuation post-discharge in older hospitalized patients is unclear. This study examined efficacy of such an intervention in older patients discharged from acute care. Methods: In this randomized controlled trial, 148 malnourished patients were randomized to receive either a nutrition intervention for 3 months or usual care. Intervention included an individualized nutrition care plan plus monthly postdischarge telehealth follow-up whereas control patients received intervention only upon referral by their treating clinicians. Nutrition status was determined by the Patient Generated Subjective Global Assessment (PG-SGA) tool. Clinical outcomes included changes in length of hospital stay, complications during hospitalization, Quality of life (QoL), mortality and readmission rate. Results: Fifty-four males and 94 females (mean age, 81.8 years) were included. Both groups significantly improved PG-SGA scores from baseline. There was no between-group differences in the change in PG-SGA scores and final PG-SGA scores were similar at 3 months 6.9 (95% CI 5.6-8.3) vs. 5.8 (95% CI 4.8-6.9) (P ¼ 0.09), in control and intervention groups, respectively. Median total length of hospital stay was 6 days shorter in the intervention group (11.4 (IQR 16.6) vs. 5.4 (IQR 8.1) (P ¼ 0.01). There was no significant difference in complication rate during hospitalization, QoL and mortality at 3-months or readmission rate at 1, 3 or 6 months following hospital discharge. Conclusion: In older malnourished inpatients, an early and extended nutrition intervention showed a trend towards improved nutrition status and significantly reduced length of hospital stay.
Introduction
Malnutrition is widely prevalent in older hospitalized patients with reported prevalence rates of 62.9% in Spain 1 and 32% according to a nutritional status survey across 56 hospitals, in acute care settings in Australia and New Zealand. 2 Older patients are more prone to malnutrition due to in general a higher number of co-morbidities 3 and changes unique to ageing, such as decrease in senses of taste and smell 4 which decreases the flavor of food and loss of dentition which limits food intake. 5 Nutrition status deteriorates during hospital admission and a recent study suggests that 20% patients of patients who stayed in hospital for more than a week had further nutritional decline. 6 The deterioration of nutritional status during hospital admission is due to a number of factors including higher protein catabolism 7 , anorexia associated with inflammation 8 , polypharmacy, nil per oral orders pending investigations and dislike for hospital food. [9] [10] [11] This often leads to patients being discharged in rather a worse nutritional and functional state than at the time of hospital admission. Malnutrition is undeniably associated with adverse clinical outcomes both for the patients in terms of higher morbidity and mortality 12 and for the health care delivery in terms of higher costs of managing these patients mainly due to increased length of hospital stay and increased risk of residential care placement. 13 Data regarding nutritional supplementation in malnourished patients with chronic diseases are inconclusive due to methodological differences in the studies, and hence the benefit of nutritional supplementation is still an area of controversy. 14, 15 A meta-analysis 16 of protein energy supplementation in older people, involving 62 trials and 10 187 patients, found beneficial effects in terms of weight gain and reduction in mortality in malnourished patients but found insufficient evidence in reducing complications, improving function or quality of life (QoL). The authors found most studies in their review had a short intervention time and suggested a need for future studies of sufficient duration to detect any meaningful differences in morbidity. The benefits of nutritional intervention initiated during hospital admission may be lost if continuity of care is not adequately addressed at the time of discharge but there is little research supporting the role of dietetic counseling and nutrition care plans across the continuum of care. 17 This study was, therefore, designed to compare usual care in older malnourished patients with an individualized nutrition screening and intervention, which included dietary modification and oral nutrition supplements (ONSs), initiated early during hospitalization and extending for a period of three months post-discharge with monthly telehealth follow up. The primary outcome of interest was any improvement in nutritional status as determined by PG-SGA score at the end of 3 months of intervention. In addition, we wanted to determine whether this extended nutritional intervention leads to any beneficial effects on clinical outcomes like length of hospital stay, complication rate, mortality, QoL and re-admission rates.
Materials and methods

Design
This study was designed as a randomized controlled trial comparing extended nutrition intervention with usual care, in older patients admitted to an acute medical ward, with follow-up at 3 months post-discharge. Ethical approval was obtained from Southern Adelaide Human Research Committee (SAC HREC) approval number (273.14-HREC/14/SAC/282) on 21 July 2014.
Randomization
An independent biostatistician prepared the randomization schedule and random blocks of 8 were used and treatment allocations were randomly permuted and balanced within blocks. The randomization sequence was concealed in consecutively numbered, sealed opaque envelopes by an independent research colleague and stored in a centrally accessible and locked office. After obtaining written informed consent, the researcher contacted central office to open these sealed envelopes to allocate patients to either control or intervention groups. From this point, the participants and the ward dietitian, who provided nutrition intervention, were not blinded to group allocation but the research dietitian who conducted the final outcome assessment was blinded to patients' group allocation. In addition, the research person overseeing data entry and the biostatistician were blinded.
Patient recruitment
All eligible patients !60 years presenting to General Medicine Department of Flinders Medical Centre between November 2014 and June 2016 were considered for participation in this study. The exclusion criteria were patients receiving palliative care, patients residing in rural areas, Indigenous Australians and non-English speaking patients and patients unable to give informed consent. Rural patients were excluded due to inadequate funds to travel to rural areas to follow up these participants and Indigenous Australians and non-English speaking subjects were excluded due to lack of funds to seek services of an Aborigine's Liaison Officer/interpreter.
After obtaining written informed consent, baseline assessments were conducted by a member of the research team, including completion of the Malnutrition Screening tool (MUST) and QoL determined using the European QoL Questionnaire (EQ-5 D 5 L). All participating patients were then referred to a research dietitian, who confirmed their nutritional status by using Patient Generated Subjective Global Assessment Tool (PG-SGA) and also performed anthropometric assessments including body mass index (BMI), triceps skinfold thickness (TST), midupper arm circumference (MUAC) and handgrip strength (HGS). Only patients who were confirmed as malnourished by PG-SGA (PG-SGA classes B and C) were included in the study and were randomized to either the intervention or the control group and patients in the intervention group were immediately referred to the ward dietitian to initiate the nutrition intervention, whereas patients in the control group were allowed to follow the usual protocol currently operative in Flinders Medical Centre, which is that they will see a dietitian only upon referral by their treating clinicians.
Intervention
Nutrition intervention was initiated by the ward dietitian within 24 h upon receiving referral from the research dietitian as studies indicate that early nutrition intervention has beneficial effects in preventing catabolic effects associated with acute illness. 18 There were three research dietitians and different ward dietitians involved in the care of the patients. The research dietitians performed nutritional assessments at the beginning and end of the study and received training in performing PG-SGA while ward dietitians delivered the nutritional intervention. The nutrition intervention, where appropriate, aimed to meet 100% of patients' energy and protein requirements for ideal body weight, calculated using commonly adopted predictive equations. 19 A combination of strategies including ONSs (1-2.2 kcal/ml and 0.05-0.12 g of protein/ml), mid-meal snacks and food fortification were employed with consideration given to individual patients' food preferences and dietetic counseling was provided to the patients and careproviders to augment energy intake including flagging for assistance with meals by ward based staff if needed. The frequency of contact between patient and dietitian during the hospital stay varied depending upon individual patients' needs and the length of hospital stay. In case patients were discharged to a nursing home, then the dietitian contacted the nursing home manager and forwarded the nutritional care plan to be followed. The hospital paid for boxes of commercial oral nutritional supplements at the time of discharge only in those cases where-!50% of the patient's daily energy requirements were determined to be met from supplements. All intervention patients were contacted by a monthly telephone call by the research dietitian for 2 months. Each call lasted an average of 30 min and a structured format was used to collect information about their recent weight, compliance with the dietetic plan and any side effects with supplementation. They received dietetic counseling with a focus to reinforce compliance with the intervention. Compliance with the dietetic plan was assessed by using a 24 h self-reported dietary recall. In this trial, patients were assessed to be compliant by the dietitian if they were able to meet 75% of their energy and protein requirements.
Control group
Patients randomized to the control group followed usual care currently operative in Flinders Medical Centre. It is an expectation that all patients are screened for malnutrition by using the MUST tool by the admitting nurse and patients identified as high risk are referred to the dietitian. Dietetic input occurs only if patients are flagged as high risk and referred by a health care professional with no dedicated outpatient follow-up after discharge. In this study, the control patients were flagged as malnourished and this was documented in the case notes but unlike the intervention group the research dietitian did not refer them to the ward dietitian for nutrition intervention. However, in case the ward dietitian received referral for these patients, then they were allowed to follow the same intervention until hospital discharge but did not receive any additional post-discharge telephone follow-up.
PG-SGA
Research dietitians experienced in using the scored PG-SGA tool confirmed the nutritional status of the participants at the beginning and end of the study. The PG-SGA generates a numerical score while also providing an overall global rating divided into three categories: well nourished (SGA A), moderately malnourished or suspected of being malnourished (SGA B) or severely malnourished (SGA C). 20 Typical PG-SGA scores range from 0 to 35 and scores !7 have been found to identify malnutrition in older subjects with a critical need for nutritional intervention. 21 
EQ-5D 5 L
The EuroQoL (EQ-5 D 5 L) was used to assess QoL in this study. EQ-5 D 5 L was developed jointly by a group of European-based researchers with the intent of constructing a simple, selfadministered instrument that provided a composite index score representing the preference for a given health state and visual analogue scale (VAS) measured from 0 to 100, which represents overall QoL. 22 
Anthropometric measures
Weight was measured in light clothes without shoes with a high specification portable electronic scale (Wellsweigh digital chair scale, Australia) to the nearest 0.1 kg and the height was measured with a portable stadiometer to the nearest 0.1 cm. Height was calculated from ulna length in patients who were unable to stand and BMI was calculated as weight (kg)/height (m
). TST was measured by Harpenden skin fold caliper (Baty International, West Sussex, United Kingdom) to the nearest 0.2 mm. Measurements were taken on the right arm at the midacromiale-radiale, with the patient seated, arm relaxed by the side and palm facing upward.
MUAC was measured to the nearest 0.1 cm by using a flexible steel measuring tape (KDS, Tokyo, Japan) around the upper arm at the point of mid-acromiale-radiale and mid-arm muscle circumference in cm (MAMC) was calculated using a formula:
HGS was measured using a hand-held dynamometer (TTM, Tokyo, Japan). Participants were instructed to stand with legs straight and feet approximately 15 cm apart, and hold the dynamometer in their dominant hand and perform maximum isometric contraction for 3 s. The test was repeated within 15 s and the highest of the three consecutive measurements was used for data analysis.
Outcome
Final assessment was done at the end of 3 months in a dietary clinic at Flinders Medical Centre and home visits were carried out for patients who were unable to attend this appointment. It was ensured that final assessment was performed by a different dietitian not involved in assessment or care of the patient at the time of admission and was blind to patients' group allocation. The primary outcome was the change in nutrition status as determined by PG-SGA score and other outcomes of interest were clinical measures including length of hospital stay (LOS), complications during hospital admission, mortality (both in hospital and overall mortality) and readmissions within 1, 3 and 6 months of discharge. The hospital computer database was used to determine LOS, incidence of nosocomial complications during admission-both infective and non-infective, mortality, incidence of hospital readmissions, including emergency department presentations and whether patients received diagnosis-related group (DRG) coding for malnutrition at discharge.
Statistical methods
This study was powered to detect between group differences in nutrition score as measured by scored PG-SGA and previous studies 23 have suggested that a mean (SD; standard deviation) shift of 3 (4.1) in PG-SGA score is clinically meaningful. G* Power3 software was used to calculate sample size-assuming an effect size of 0.35, alpha ¼ 0.05 and power of 80% the estimated required sample size was 86 (43 in each group) was calculated to be sufficient. Variables were tested for normality using sk test. Basic descriptive statistics were used and continuous variables were expressed as mean values or median interquartile (IQR) ranges and were compared using an appropriate parametric (Student's t) test or non-parametric (Mann-Whitney U) test. Categorical variables were expressed as numbers and percentages and were compared using and v 2 statistics or Fishers exact test as appropriate. PG-SGA score was defined as mean (SD) and paired Student's t test was used to measure change in scores from the baseline and unpaired Student's t test was applied to test differences in the scores between control and intervention groups at the end of intervention. Logistic regression was used to determine odds ratio by creating a new outcome variable (PG-SGA score at the end of intervention 7 as nourished and !8 as malnourished) in the two groups. Both anthropometric and QoL variables were defined as mean (SD) and paired Student's t tests were used to measure change in scores from the baseline and unpaired Student's t tests were applied to test between group differences at the end of intervention. Regression analysis was applied to determine any differences in QoL in two groups with compliance with the intervention used as confounding variable. LOS was adjusted for in hospital mortality and inter-hospital transfers and hospital at home length of stay was included to determine total length of stay. Rank sum test was used to compare the differences in LOS of two groups, as this variable was not normally distributed. Logistic regression was used to determine odds of patients staying in hospital for more than 1 week by creating a new outcome variable for LOS (LOS 7 days or LOS > 7 days). A Kaplan-Meier survival curve was plotted and Log rank test statistic was used to evaluate the equality of survival distribution between control and intervention group. All tests were 2-sided and a P value of less than 0.05 was considered statistically significant. Statistical analyses were performed using STATA software (version 13.1).
Results
We assessed 1668 patients ( Figure 1 ) for participation in this study of which 776 did not meet inclusion criteria and 744 patients refused to participate citing various reasons-belief they were not malnourished (305), too busy with other medical appointments (101), too unwell to participate (69), not interested (67) and refusal to modify diet or use supplements (202). A total of 148 patients were screened and randomized to control (n ¼ 70) and intervention groups (n ¼ 78) during the study period and out of them complete data were available for analysis for 46 patients in control and 57 patients in the intervention group. The main reasons for patients being lost to follow-up were loss of contact, consent withdrawal and death. The mean age of the participants was 81. medical units. Both groups had a higher number of females with the majority of patients residing at home pre-admission and had a similar number of comorbidities and the Charlson Comorbidity Index and other baseline characteristics were similar between the two groups ( Table 1) . There was no difference in the severity of malnutrition at baseline, as reflected by PG-SGA classes B (moderate malnutrition) and C (severe malnutrition) and mean PG-SGA scores were also similar 13.3 (95% CI 12.2-14.5) vs. 12.1 (95% CI 11.0-13.2) in control and intervention groups, respectively ( Table 1) . The baseline QoL indices as reflected by EQ-5 D 5 L index and VAS were also similar in both groups (Table 1 ). the intervention patients (energy and protein requirements were only determined in intervention patients) and the majority of these patients received additional snacks, fortified foods and drinks. At 1 and 2 months post-discharge telephone follow up, the participants reported good compliance with the prescribed intervention at 73% and 77.2%, respectively. Forty-three (61.4%) control patients received dietitian input during hospital admission with no post-discharge outpatient dietetic follow-up. Table 3 shows changes in anthropometric measures over 3 months with a mean reduction in BMI À0.36 (95% CI À0.92 to À0. 19 ) from baseline, in the control group as compared with an increase of 0.41 (95% CI 0.09-0.90) from baseline, in the intervention group, and the between-group difference in BMI was statistically significant (P ¼ 0.04). Intervention patients also showed a trend towards greater improvement in handgrip strength and mid-upper arm circumference from baseline as compared with the control group but between-group differences in these parameters were not statistically significant. Both groups showed similar improvements in PG-SGA scores from baseline À6.2 (95% CI À8.1 to À4.2) vs. À5.9 (95% À7.3 to À4.4) (a reduction in score is indicative of improvement in nutritional status), in control and intervention patients, respectively (Table 3) . Logistic regression, with PG-SGA score categorized as outcome variable, suggested that intervention patients were less likely to remain malnourished at the end of 3 months, although this was not statistically significant (OR 0.46, 95% CI 0.20-1.08, P ¼ 0.07). Although no significant between-group differences in PG-SGA scores were noted at the end of 3 months (Table 4) , a trend favoring further improvement in nutritional status was noted in intervention patients who were compliant with the intervention (intervention compliant 5.4 (SD 3.4), intervention noncompliant 8.1 (SD 5.2), control 6.9 (SD 4.3), P ¼ 0.08). Similarly QoL improved in both groups but intervention patients displayed overall better QoL, as reflected by VAS, at the end of 3 months and this was statistically significant (P ¼ 0.03) ( Table 4) .
The median acute LOS was 3.8 days shorter in the intervention group (8.8 (IQR 4.1-13.9) vs. 5.0 (IQR 3.0-8.4), P ¼ 0.007 in control and intervention groups, respectively) and total LOS (inclusive of hospital at home treatment) was 6 days shorter in the intervention group (P ¼ 0.01). Intervention patients had 72% higher probability of being discharged from hospital within 7 days of admission as compared with the controls (OR 0.28, 95% CI 0.13-0.60, P ¼ 0.001) and the proportion of patients with acute and total LOS less than 7 days was significantly higher in the intervention group (Table 5) . During hospital admission, 1 patient died in control group and 7 died in the intervention group and an additional 21 patients died in the control group and 16 in the intervention group up to a period of 2 years. The KaplanMeier survival curve (Figure 2) shows no difference in mortality between the two groups with Log rank, v 2 ¼ 0.09 and P ¼ 0.76.
There was no significant difference in the total number of complications (both infective and non-infective) or the proportion of patients who developed complications during their hospital stay between the two groups and a similar number of patients were discharged to residential care facility. More patients in the intervention group received a malnutrition coding at discharge but this difference was not significant. There was no difference in the total number of medications at the end of 3 months between control and intervention patients. Similarly, readmissions within 1, 3 and 6 months post-discharge were similar between the two the groups (Table 5) . 0.06 SI conversion factors: to convert hemoglobin to g/l multiply by 10; CRP to nmol/l multiply by 9.5; albumin to g/l multiply by 10.
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Discussion
The results of present study shows a trend towards an improved nutrition status, as determined by PG-SGA score, with an early and extended nutrition intervention in older patients discharged from acute care. Nutrition status showed improvement in both groups from baseline and, although no statistically significant difference was noted between the groups at the end of 3-months intervention, some clinically significant differences such as reduced LOS was noted in the intervention patients.
Other anthropometric indicators of nutritional status presented a mixed picture of the effects of intervention, which is reflective of the difficulty in measuring nutritional status in older patients (no gold standard and each outcome measure has strengths and limitations). Gariballa et al. 24 in their study in acutely unwell hospitalized older patients also found no significant difference in the anthropometric measures in the supplemented group and postulated that the time frame of their intervention (6 weeks) may be too short to produce a significant change. An interesting finding of the present study is the significant improvement in nutritional status of control patients from the baseline. This finding is contradictory to a recent observational study by Marshall et al. 25 who followed older rehabilitation patients in the community and found that patients remained malnourished at the end of 12 weeks follow-up. A possible explanation for this discrepancy is that a significant proportion of control patients in our study also received inhospital dietetic input and it is possible that they continued intervention post-discharge with resultant dilution of the study results. The other reason could be a heightened awareness among control patients about being diagnosed as malnourished and being enrolled in a clinical trial-the 'Hawthorne effect'-which could have been a motivating factor for the patients or care providers to change their dietary practices, with resultant improvement in their nutritional status. This study found significant reductions in both acute and total length of hospital stay in patients who received the nutritional intervention and we posit that this could be due to a greater improvement in their muscle function and hence mobility, as indicated by an increase in handgrip strength, which could have facilitated early discharge from hospital. It is also possible that early nutrition intervention made a positive impact on recovery from acute illness and could have led to a faster resolution of delirium, as studies have suggested that improved nutritional status enhances immune function with resultant greater ability to fight infections. 26, 27 Our results are similar to a study conducted in geriatric units by Holiday et al. 28 who also found that early nutrition intervention could help reduce LOS. Hospitalized patients frequently get deconditioned early during admission and a combined modality of early nutrition intervention and physical therapy can reap rich monetary benefits for hospitals in these current resource-crunched times. The stress of acute illness increases muscle catabolism and, in the absence of sufficient energy replacement, amino acids are mobilized for gluconeogenesis, with consequent worsening of muscle function and this increases the risk of falls and respiratory muscle dysfunction predisposing patients to nosocomial pneumonia. 29 Although our study found a trend towards a greater improvement in the nutritional status of the intervention group, this did not translate into a reduction in the number of complications during hospitalization. Our results are in agreement with a recent meta-analysis 30 which found no beneficial effects of nutrition support on hospital acquired infections in medical inpatients. Extended nutritional intervention also produced no significant improvement in mortality in recruited patients over a period of up to 2 years. It is quite possible that older patients in our study with multiple comorbidities had either cachexia, which is known to be less responsive to nutrition intervention, 31 or were in an advanced stage of disease related malnutrition and the nutrition intervention was too late to produce a significant beneficial response. Studies have indicated that treating patients at an early stage of malnutrition is probably more effective than correcting advanced malnutrition. 32 Our findings are in agreement with a meta-analysis conducted by Cawood et al. 33 in 2012, who reported mortality data of fifteen RCTs and found no improvement in mortality in the supplemented group. Similarly a recent meta-analysis 34 of nutritional interventions in older patients with hip fracture found no improvement in mortality for up to one year following discharge from hospital. We found no convincing evidence of an improved QoL, as determined by EQ-5 D 5 L index with this nutrition intervention. QoL improved in both groups from baseline and overall QoL as reflected by a visual analogue scale (VAS), was better in the intervention group at the end of 3 months. The improved QoL after discharge probably reflects the effects of recovery from an acute illness rather than effect of this nutritional intervention. Moreover, studies have suggested that older patients with multiple clinical problems have in general low QoL. 35 Another reason could be that the study duration of 3 months is too short for a nutrition intervention to produce any significant change in QoL. We also found that this nutritional intervention was not associated with a reduction in readmissions within one, three or six months after hospital discharge. Our study findings suggest that a nutrition intervention does not have any positive effect in reducing the recurrence of illnesses in medical patients after hospital discharge. One of the strengths of this study is the use of PG-SGA for nutrition assessment. PG-SGA is regarded as a comprehensive assessment tool and gives a better indication of change in nutrition status than parameters like weight, which can be influenced by non-nutritional factors such as hydration status or the use of diuretics. Also this was an RCT with appropriate blinding of the outcome assessor. A number of patients refused to participate in this study due to various reasons highlighting difficulties in engaging older people in clinical trials. 36 We acknowledge that we were unable to recruit non-English speaking and Indigenous Australians, so our study results cannot be generalized to these patients. We did not measure the acuity of admission diagnosis which could have played a significant impact on clinical outcomes like length of hospital stay. We recognize that awareness of this trial and enhanced nutritional practices for the intervention patients had the potential to influence the referral practices by the ward staff for the control group. However, an alternative study design to reduce this contamination was not possible as patients identified as malnourished cannot ethically be denied nutritional support, highlighting one of the difficulties in conducting nutritional intervention studies in the elderly. 37 This study highlights need for rigorous implementation of existing nutrition screening protocols and calls for enhanced dietetic support and hospital reimbursements for provision of nutritional services across the continuum of care.
Conclusion
Among older hospitalized patients, early and extended nutritional intervention showed a trend towards an improved nutritional status as determined by PG-SGA score and was associated with a much shorter length of hospital stay. We suggest early initiation of measures to target hospital malnutrition; however, further studies are needed to confirm the impact of extending nutrition intervention into the community.
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